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1. Introduction
In RAN4#45 meeting in Jeju, Nov 2007,  the impact of MIMO schemes on RAN4 requirements was discussed [1]. In this contribution, we outline our views and provide answers to the issue raised in the RAN4 LS. 
2. Discussion.
In [1], RAN1 is asked the following action.
ACTION 1:  TSG-RAN WG4 kindly asks RAN1 to investigate the implications of the MIMO transmission schemes on transmitter misalignment requirements.

Proposed LS Response:
Transmitter misalignment includes both timing and phase misalignment across different antennas. The timing misalignment requirement is 65ns [1] across the antenna ports in WCDMA. This timing misalignment can cause phase rotation in the frequency domain, and the size of the phase rotation increases linearly with the subcarrier index number.. 
Among the existing MIMO schemes in LTE, wideband precoding might be more sensitive to the timing misalignment, especially in highly-correlated antenna configurations. This is due to the fact that with timing misalignment, the spatial correlation matrix of the channel becomes a function of the subcarrier index even for the highly correlated antenna configuration, and therefore it is less likely for a single wideband precoder to be optimally adapted to all the subbands in the frequency domain. Other schemes such as small-delay CDD may not be sensitive to timing misalignment unless they are used together with wideband precoding. In addition, beam-forming scheme tends to be more sensitive to phase misalignment and thus requires more attention and counter measures such as Node-B calibration.
Regarding the delay size of small-delay schemes, LTE supports various FFT sizes and sampling rates in order to enable different system bandwidths such as 1.25MHz, 5MHz, 10MHz, 20MHz. The small-delay CDD delay values for different FFT sizes are given in Table 1. It can be noted that in the majority of the cases, the small delay CDD delays are much larger than the transmit antenna timing misalignment of 65ns requirement mentioned in the LS [1].  In addition, we note that in actual WCDMA eNodeB implementations, the timing misalignment is likely smaller than the requirement of 65ns, resulting in actual timing misalignments of values such as 30ns, 20ns and so on.  Therefore, RAN1 does not think the transmit timing misalignment can provide the same amount of delay needed to provide enough frequency diversity in small to medium system bandwidths.
Table 1 Small delay CDD delay values for various FFT sizes and antenna configurations

	FFT size
	Small delay CDD delay [ns]

	
	2 eNB antennas
	4 eNB antennas

	128
	0, 1041.7
	0, 520.8, 1041.7, 1562.5

	256
	0, 520.8
	0, 260.4, 520.8, 781.3

	512
	0, 260.4
	0, 130.2, 260.4, 390.6

	1024
	0, 130.2
	0, 65.1, 130.2, 195.3

	2048
	0, 65.1
	0, 32.5, 65.1, 97.7
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